CASE REPORT
===========

A male infant born at 38 weeks of gestation who had severe cyanosis and tachypnea immediately after birth was transferred to the hospital 1 day after he was born. His body weight was 2,005 g at birth. He showed severe acidosis with 65% of saturation and 6.9-83-95-19 of arterial blood gas analysis at 10 L oxygen. His blood pressure was 60/40 mmHg, heart rate was regular (specifically 150/min), respiratory rate was 50/min, and body temperature was 37.0℃. On chest X-ray, the cardiothoracic ratio was 0.74, indicating that critical cardiomegaly and congestion was not distinctive, but that vascularity was reduced. Grade II systolic murmur was heard in left upper chest. Transthoracic echocardiography showed an atretic pulmonary valve and a ventricular septal defect ([Fig. 1](#F1){ref-type="fig"}). The patient was intubated immediately, had a mechanical ventilator management administered, and was hospitalized at the neonate intensive care unit.

Because the patient\'s condition was stable following hospitalization, he was extubated on hospital day 8 and the dose of prostaglandin E1 was reduced to 0.001 mcg/kg/min. On hospital day 10, because it was difficult to hear a patent ductus arteriosus murmur and the patient was desaturated down to SaO~2~ 60%, the prostaglandin E1 dose was increased to 0.01 mcg/kg/min. The patient showed continued apnea and bradycardia, so there was no time to wait for weight gain. The patient\'s hybrid operation was performed on postnatal day 17. Cannulas were inserted into the aorta and the right atrium following median sternotomy, and then the cardiopulmonary bypass (CPB) was initiated. The main pulmonary artery was incised vertically. The atretic pulmonary valve (PV) was perforated using a beaver blade and extended by sharp mosquito. A Genesis stent (Cordis, Warren, NJ, USA) was then inserted through the incision into the main pulmonary artery, and a guide wire was then inserted into the sheath and used to guide the balloon across the pulmonary valve. Catheter ballooning was immediately conducted. Subsequently, the left anterior descending coronary artery (LAD) was observed across the right ventricular outflow tract (RVOT) ([Fig. 2](#F2){ref-type="fig"}). The balloon was inflated to 8 atm to avoid LAD compression. Transesophageal echocardiography (TEE) was then conducted after the CPB was stopped. Because the patient\'s weight was so low to apply a usual TEE probe, intracardiac echocardiography (ICE) probe was used as an alternative to decide the final location. On TEE, the stent proximal diameter was measured at 3 mm, and the oxygen saturation at FiO~2~ 0.6 was 66%. To increase the blood flow of the main pulmonary artery, ballooning was performed at 12 atm after resuming the CPB. The TEE showed no change in the 3 mm proximal diameter, but an increased blood flow was observed that resulted from a side hole. At that moment the oxygen saturation at FiO~2~ 0.3 was at 85%.

The patient underwent extubation on postoperative day 3 and started to feed on day 4. On postoperative day 10, an echocardiogram was performed because saturation was not maintained and tachypnea was observed. There was no sign of stent dislocation or migration, but the proximal stent became narrow due to the right ventricular muscle partially blocking the stent opening. Balloon angioplasty was then applied. Increased blood flow to the RVOT after angioplasty was observed ([Fig. 3](#F3){ref-type="fig"}). Since then, the patient gained weight without difficulty and was discharged from the hospital on postoperative day 43, weighing at 3,100 g. The patient was doing well during follow-up at approximately 3 months.

DISCUSSION
==========

Despite advances in neonatal cardiac surgery, prematurity and low birth weight remain significant risk factors for poor outcome. However, data from previous studies have indicated that delay of complete repair in order to achieve weight gain may result in both morbidity and mortality during medical treatment \[[@B1]\]. Patients such as the one in this report thus present difficult management decisions. Other surgical options of pulmonary atresia (PA) with ventricular septal defect (VSD) included early total correction or palliation with a systemic-to-pulmonary shunt. Using right ventricular PA shunt surgery for early total correction or palliation in patients with PA with VSD is still controversial. Early total correction is currently favored over palliation because it can prevent risks such as hemodynamic instability or sudden death due to the thrombus blocking the shunt \[[@B2]\]. Given our patient\'s weight, we concluded that both of these approaches carried significant risks. Instead, we selected palliation by placement of a stent in the RVOT. This approach successfully provided a controlled increase in the pulmonary blood flow. In comparison with palliation using a systemic-to-pulmonary shunt, the RVOT stent avoided the difficulties of appropriate shunt size selection in a small patient and it also allowed for a period of weight gain, at which time a successful complete repair was carried out. However, percutaneous perforation and ballooning have been associated with higher rates of procedural failure and serious complications. Unfortunately, even after successful percutaneous balloon valvuloplasty, 43% to 51% of neonates need urgent procedures, including Blalock-Taussig shunt placements, RVOT reconstruction, or both \[[@B3]\]. Considering these problems, the percutaneous approach for patients such as the one in our report can be challenging due to the patient\'s low weight. In addition, the passage of large delivery catheters in small infants may result in rhythm disturbances and hemodynamic compromise \[[@B4]\]. Schmitz et al. \[[@B5]\] reported that a hybrid procedure that combined the surgical procedure and the percutaneous intervention could reduce the risks of surgery and intervention, which can be a new treatment option for patients with a complex congenital heart defect. In addition, Zhang et al. \[[@B6]\] reported that four neonates that each weighed 3 to 4.5 kg with pulmonary atresia and an intact ventricular septum were managed using a RVOT stent insertion under the condition of a beating heart. Thus, the authors of this report planned an intraoperative RVOT stent insertion.

In this hybrid procedure, the PV was first perforated, and then the balloon was delivered through the main pulmonary artery to the RV free wall. TEE using an ICE probe was utilized not only to guide the procedure but also to evaluate the effectiveness of valvuloplasty with monitoring of the trans-PV flow and the gradient pressure.

Intraoperative stent insertion can be considered in the following cases: if percutaneous access using a catheter is impossible or difficult, if concomitant surgery is required due to a concomitant anomaly, and if hemodynamic instability or complications are expected to increase during percutaneous stent insertion.

Potential complications such as balloon rupture and vascular tear can be avoided or easily recognized. Thus, appropriate action can be taken immediately. In addition, it is important to check for a concomitant coronary artery anomaly during the RVOT stent ballooning. In this study, LAD was traversely located on the RVOT. Such has been the case in approximately 5% to 12% of the patients who belong to the spectrum of tetralogy of Fallot \[[@B7]\]. Hamzeh et al. \[[@B8]\] reported that left main coronary artery compression occurred in right pulmonary artery stent insertion. In particular, the hybrid procedure has the advantage of more easily identifying coronary artery compression via the pulmonary artery.

In conclusion, intraoperative stent insertion for low-birth weight babies with PA and VSD is a new and safe treatment method that reduces complications. It will be an alternative method for PA/VSD patients if objective evidence of its benefits is accumulated from the long-term outcomes of studies of larger patient groups.
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![The parasternal short axis view, showing the atretic pulmonary valve; there is no outflow from the right ventricle to the main pulmonary artery (MPA).](kjtcs-46-56-g001){#F1}

![Intraoperative photograph. It shows the left anterior descending coronary artery crossing the right ventricular outflow tract anteriorly. MPA, main pulmonary artery.](kjtcs-46-56-g002){#F2}

![(A) Angiography from the main pulmonary artery showed stenosis of the proximal site of the stent. (B) An angioplasty balloon is inflated. (C) Angiography after ballooning, with improvement of blood flow to the main pulmonary artery.](kjtcs-46-56-g003){#F3}
